Disseminated intravascular coagulation (DIC) is a frequent complication in sepsis. Once patients develop DIC, the mortality rate increases significantly. Moreover, recent studies have suggested that coagulation disorder plays a significant role in the development of organ dysfunction in sepsis. Thus, the early detection of DIC is vital in sepsis care, and the Japanese Association for Acute Medicine established a set of original diagnostic criteria in 2006 (JAAM DIC). Since then, the usefulness of the JAAM DIC has been repeatedly reported, and these criteria have been widely adopted in emergency and critical care settings in Japan. Different criteria have also been released by the International Society on Thrombosis and Haemostasis (ISTH overt-DIC), and the latter criteria are presently considered to be the international standard. Compared with the JAAM DIC, the ISTH overt-DIC criteria are stricter and the timing of diagnosis is later. This discrepancy is because of conceptual differences. As many physicians think sepsis-associated DIC is the target of anticoagulant therapies in Japan, the JAAM DIC criteria were designed to allow the early initiation of treatment. As other countries do not provide DIC-specific treatments, early diagnosis is not necessary, and this situation has led to a significant gap. However, as overt-DIC is a late-phase coagulation disorder, a need for early detection has been advocated, and members of the ISTH have recently proposed the category of sepsis-induced coagulopathy. In this review, we introduce the strengths and weaknesses of the major criteria including JAAM-DIC, ISTH overt-DIC, sepsis-induced coagulopathy, and Japanese Society on Thrombosis and Haemostasis-DIC.
INTRODUCTION

T HE INTERNATIONAL SOCIETY on Thrombosis and
Haemostasis (ISTH) has defined disseminated intravascular congestion (DIC) as "an acquired syndrome characterized by the intravascular activation of coagulation with loss of localization arising from different causes. It can originate from and cause damage to the microvasculature, which if sufficiently severe, can produce organ dysfunction". 1 Indeed, a wide variety of diseases can cause DIC, and the resulting clinical symptoms can differ considerably. However, a unique point of DIC is that, despite differences in the underlying diseases, a diagnosis can be made using the same diagnostic criteria, and the ISTH has released a set of overt-DIC diagnostic criteria that consists of a combination of coagulation test results. 1 The hallmark of DIC is systemic activation of coagulation resulting in (i) increased levels of fibrin-related markers, (ii) the derangement of coagulation systems as expressed by the results of global coagulation tests, (iii) a decreased platelet count as a consequence of activation of platelets and thrombus formation. These outcomes form the essential components of the diagnostic criteria. The concept behind these criteria originated from the criteria of the Japanese Ministry of Health and Welfare (JMHW). 2 Subsequently, although the ISTH overt-DIC criteria have become the global standard, 3, 4 other diagnostic criteria are also commonly used. For example, the Japanese Association for Acute Medicine (JAAM) released the JAAM DIC diagnostic criteria for acute DIC by eliminating a decreased fibrinogen level as a criterion, 5 and the clinical usefulness of the JAAM DIC has been reported repeatedly. 5, 6 Although the same diagnostic criteria have been utilized for the diagnosis of DIC arising from different backgrounds, recent studies have elucidated characteristic differences in DIC that are dependent on the underlying disease. For example, sepsis-associated DIC is often complicated with organ dysfunction, whereas DIC associated with hematologic malignancy is predominantly complicated with bleeding. 7 These differences arise from mechanistic differences, and DIC is divided into a thrombotic phenotype and a fibrinolytic phenotype. Thus, it would be rational to create different diagnostic criteria depending on the individual disease background. Following these concepts, the Japanese Society on Thrombosis and Hemostasis (JSTH) proposed new DIC diagnostic criteria. 8 Moreover, dynamic changes in the coagulation status have also been recognized. For example, an initial excess of fibrinolysis is followed by the suppression of fibrinolysis in trauma-induced DIC. 9 Meanwhile, coagulation activation in combination with the excessive suppression of fibrinolysis and a disrupted anticoagulant system is observed in sepsis-associated DIC. 10 The clarification of these differences in pathogenesis has supported progress in the establishment of simpler diagnostic criteria. Active members of the ISTH DIC Scientific Standardization Committee (SSC) recently proposed the simplest version to date. Namely, a diagnosis of sepsis-induced coagulopathy (SIC) consists of only three items: sepsis-3 (infection with organ dysfunction), platelet count, and the prothrombin time ratio. 11 The purpose of this review is to explain the significance of diagnosing DIC in sepsis, and to describe the history of developing popularly used diagnostic criteria (i.e., ISTH overt-DIC and JAAM DIC), and strengths and weaknesses of those criteria. Finally, we introduce the details of the new criteria, that is, JSTH DIC and SIC. We think the understanding of the concepts and features of the individual criteria will help the proper management of sepsis-associated DIC.
IMPORTANCE OF DIAGNOSING DIC IN SEPSIS
R
ECENT KNOWLEDGE SUPPORTS the idea that DIC should not be recognized only as a coagulation disorder or hemostatic failure, but also as a delayed symptom of emerging systemic vascular inflammation caused by endothelial dysfunction. 12, 13 As tissue malcirculation is the essential factor in the progression to septic organ failure, DIC and shock are the two crucial complications that can affect patient outcome. 14, 15 A recent survey revealed that approximately one-third of patients with sepsis who were treated in the intensive care unit (ICU) had shock as a complication, and more than half of them had DIC. 16 The effectiveness of anticoagulant therapy for sepsis-associated DIC has been intensively studied in Japan, and recent studies have repeatedly reported that anticoagulant therapy is only effective in patients with severe coagulopathy and DIC. 6, 17, 18 Furthermore, subgroup analyses in large-scale randomized controlled trials, including KyberSept and PRO-WESS, have examined the effect of anticoagulants in patients with sepsis and have reported trends toward a greater risk reduction in mortality among patients with DIC than among patients without DIC. 19, 20 Therefore, the discrimination of patients with DIC from those without is vital. 21 A clue to the proper understanding of DIC is that DIC is not a distinct disease category, but rather a continuous condition arising from coagulation disorder and coagulopathy. Therefore, it is not natural to create a border between those entities. 22 However, as the benefit of anticoagulant therapy is reportedly correlated with the degree of the coagulation disorder, this condition needs to be categorized so that patients capable of benefiting from specific, appropriate therapy can receive such treatment. 23 Accordingly, the primary objective of diagnosing DIC is to improve patient outcome through the initiation of specific treatments. In other words, the diagnostic criteria must be designed so as to categorize candidates who are most likely to benefit from a particular therapy. 21 The validation of diagnostic criteria should also be undertaken from this point of view; however, no such prospective cohort studies have been made. In addition, one large-scale randomized controlled trial exists that has evaluated the efficacy of recombinant thrombomodulin. 24 In this trial, treatment was started after a diagnosis had been made using the JMHW DIC criteria, and a better DIC resolution was reported in the study group, compared with a group treated with unfractionated heparin. One must remember that the development of an adequate scoring system has facilitated the development of clinical trial protocols for DIC tremendously and has enabled the identification of likely candidates and risk stratification for new treatments. 25 The DIC score can also be used as a surrogate outcome measure. 26 More recently, Umemura et al. 27 reported that ISTH overt-DIC screening on the day of ICU admission was associated with a lower mortality, and the association became stronger if the screening was repeated 2 days later, suggesting that DIC screening by itself might be capable of reducing mortality. We agree that the ability of diagnostic criteria to discriminate survivors and non-survivors at the timing of DIC diagnosis is important. Having a scoring system capable of reflecting the severity of a patient's condition would also be preferable. 28 However, such characteristics are not mandatory for diagnostic criteria, and the DIC score should be used as a parameter that acts independently of other severity markers.
There exists a fundamental limitation in designing the diagnostic criteria. As long as conventional global clotting assays continue to be used, very few advances can be achieved. Platelet counts, prothrombin time (PT) test, and the levels of fibrin/fibrinogen degradation products (FDPs) are common components in the major sets of diagnostic criteria, and modifications of these cut-offs and/or scores will only change the balance between sensitivity and specificity in anticipating mortality. Instead, a better understanding of the concept behind each diagnostic criterion should be emphasized. For example, the JAAM criteria are more sensitive than the ISTH overt-DIC and JMHW DIC criteria and are presumably more suitable for early diagnosis. However, the ISTH overt-DIC and JMHW DIC criteria are superior at excluding other conditions that should be differentiated from DIC. We think that there should be two different roles for diagnostic criteria: as a platform for DIC study, and for use in daily clinical practice. Preferably, a single criterion should contribute to both of these roles; if not, however, it might be better to have different criteria depending on the purpose (Fig. 1 ).
INTERNATIONAL AND JAPANESE DIAGNOSTIC CRITERIA
T HE RELEASE OF the JMHW DIC criteria started a new epoch in the study of DIC. These criteria consisted of the presence of a primary cause, clinical symptoms, and four hemostatic laboratory tests. 2 Since then, several sets of criteria have been proposed based on similar concepts. All of these sets of criteria have adopted a scoring system and include a combination of coagulation markers as there is no single test that is capable of defining or ruling out a diagnosis of DIC. Thus, this system is thought to be of utmost importance in assessing the whole clinical picture of the patient and the diagnosis. 29 Currently, there are two sets of popular criteria: the ISTH overt-DIC criteria, and the JAAM DIC criteria. Each of them has their own advantages and drawbacks. A significant difference is that the former criteria cover all the causes of DIC, whereas the latter were specially designed for the diagnosis of acute DIC.
International Society on Thrombosis and Haemostasis overt-DIC
The progression of DIC causes reductions in hemostatic factors including platelets and clotting factors, and the patients finally reach a state of consumptive coagulopathy. 30 In 1983, the JMHW created the first diagnostic criteria for DIC; these criteria consisted of the platelet count, PT, FDP, and fibrinogen level. The JMHW criteria adopted a scoring system that was suitable for evaluating continuous changes and detecting severity. However, some problems could not be ignored. First, although DIC is always a complication that occurs secondary to a basal disease, the presence of the basal disease was counted as a score. Clinicians also complained about the FDP criterion, as the measurement of this parameter was less common than the measurement of D-dimer in many countries outside Japan. Thus, the SSC of the ISTH reviewed the JMHW criteria and released a new set of criteria for overt-DIC in 2001 (Table 1) . 1 The JMHW DIC criteria and the ISTH overt-DIC criteria were both established based on the definition that DIC consists of "systemic intravascular coagulation" and "consumptive coagulopathy"; however, the latter criteria were authorized by an international society and became the global standard. There are always strong and weak points for all sets of diagnostic criteria, and it is not always possible to decide which is superior. The JMHW criteria were the first DIC criteria and were established in Japan; however, the global standard for the diagnosis of DIC should probably be the ISTH overt-DIC criteria.
above-mentioned criteria, causing further confusion 8, 31, 32 Thus, the establishment of an accepted standard is needed. One must remember that the establishment of different standards hinders progress in clinical practice and research on DIC by causing division, rather than a unified approach and it is just like yielding the condition after the collapse of the Tower of Babel.
Which criteria are optimal for use has been a major interest of many physicians, and research on this topic is ongoing. However, validating the diagnostic accuracy of criteria can be difficult, as DIC is a conceptual diagnosis and cannot be confirmed pathologically or using other definitive methods. [33] [34] [35] Some attempts have been made to compare diagnostic accuracy by comparing the predictive value for mortality. 36, 37 However, this type of comparison might not be appropriate for evaluating diagnostic accuracy because the diagnostic criteria are not measures of severity like the Acute Physiology and Chronic Health Evaluation (APACHE) or Sequential Organ Failure Assessment (SOFA) scores. To begin with, the ability of criteria to discriminate candidates who are likely to benefit from a specific therapy is of foremost importance. For example, a retrospective analysis revealed that patients with ISTH overt-DIC who were treated with recombinant activated protein C tended to have a greater relative risk reduction in mortality, compared with patients without treatment and such trend could not be seen in patients without ISTH overt-DIC. 20 This example supports the usefulness of the overt-DIC criteria. In future studies, the performance of criteria should be confirmed plausibly in prospective controlled studies. Another critical performance of standard criteria is to determine the optimal timing for intervention, and the performance of such criteria should also be examined from this perspective. Finally, we must caution again that persisting with individual diagnostic criteria hampers progress in research and clinical practice in this field.
Japanese Association for Acute Medicine DIC
In the early 21st century, Japanese physicians complained about the delay in the diagnosis of infection-based DIC. Although the ISTH overt-DIC criteria had already been released as a global consensus, a general agreement could not be achieved in Japan because of some obstacles. First, the ISTH criteria did not enable any remarkable advances. Second, the cut-off values for the fibrin-related markers were not clearly shown. Finally, the timing of diagnosis was still later than that achievable using the JMHW criteria. Japanese 
Total Sequential Organ Failure Assessment (SOFA) score is the sum of four items: respiratory SOFA, cardiovascular SOFA, hepatic SOFA, and renal SOFA.
-, not applicable; FDP, fibrin/fibrinogen degradation product; SIRS, systemic inflammatory response syndrome.
physicians requested simpler and easier-to-use diagnostic criteria that could enable early diagnosis, especially for use in emergency and critical care fields. Under this background, JAAM started a project to create new criteria specifically designed for the diagnosis of acute diseases, including sepsis and trauma, and the JAAM DIC criteria were launched in 2006. 5 In the JAAM DIC criteria, the fibrinogen level was omitted, and the selection of D-dimer was allowed as another fibrin-related marker. Dynamic changes in the platelet count were also included in the JAAM DIC. A unique feature of the JAAM criteria was the inclusion of systemic inflammatory response syndrome (SIRS). Although SIRS does not directly reflect coagulation disorders, it can help to identify the presence of sepsis. After several validation studies, the JAAM DIC criteria quickly spread and became the standard for diagnosis in Japan. [38] [39] [40] In comparison to the ISTH overt-DIC criteria, the JAAM DIC criteria can reportedly detect twice as many cases at an earlier timing. 41, 42 Following the dissemination of the JAAM DIC criteria, the identification of septic DIC patients who could benefit from anticoagulant therapy has become part of routine clinical practice in Japan.
Despite the high incidence of DIC and its prognostic implications, the treatment of this detrimental condition has not been very successful in most countries since the withdrawal of recombinant activated protein C. 43, 44 In contrast, anticoagulant therapy using antithrombin and recombinant thrombomodulin has been extensively accepted and is being used in daily practice in Japan. 17, [45] [46] [47] [48] The latest Japanese Clinical Practice Guidelines for the Management of Sepsis and Septic Shock (J-SSCG 2016) were created based on clinical evidence recommending the use of antithrombin and they turned out to fit the reality. 49 In J-SSCG 2016, the use of the JAAM DIC criteria was recommended to determine the timing of intervention. Other studies have revealed that the survival benefits of anticoagulant therapy were only seen in DIC patients, and not in non-DIC patients. 6, 23 As mentioned above, the JAAM DIC diagnostic criteria are useful and are still considered to be the standard of practice in Japan. The JAAM DIC criteria have gained positive evaluations and have an established reputation in some other geographical areas. 50, 51 However, almost 14 years have passed, and the SIRS category adopted by the JAAM DIC is no longer used in Sepsis-3; 52 thus, new criteria that fit the new sepsis definition are expected. 53 
FUTURE PERSPECTIVES
T HERE ARE TWO approaches to designing diagnostic criteria: creating practical criteria or creating precise criteria. As DIC is a common complication of sepsis, patients are treated not only in the ICU but also in general wards; therefore, simple and easy to use criteria are appreciated. 4 However, the development of more precise criteria is also needed for scientific purposes. For the latter case, the inclusion of molecular markers is a rational approach. 54 As long as access to new biomarkers is restricted and we continue to use only global hemostatic markers, that is, platelet count, PT test, FDP/D-dimer, and fibrinogen, we will only be able to modulate the sensitivity and specificity of diagnostic criteria. Recently, two opposing types of criteria have been introduced. The ISTH have released practical diagnostic criteria for SIC, 11 while the JSTH have proposed specific criteria that include antithrombin activity and molecular markers.
8,55
Sepsis-induced coagulopathy
As already mentioned, the ISTH has defined DIC as being characterized by the systemic intravascular activation of coagulation arising from different causes. 1 This definition implies that DIC can develop from various causes yet manifests similar changes in coagulation markers. Thus, the same diagnostic criteria should be applied regardless of the underlying diseases. However, this concept has recently begun to change with advances in understanding of the pathophysiology of DIC. For example, DIC secondary to infection is characterized by the excessive suppression of fibrinolysis arising from the overproduction of plasminogen activator inhibitor-1. 56, 57 This response is recognized as part of the host defense mechanisms, and coagulation progresses with fibrinolysis shutdown. 58, 59 In contrast, such suppression is not seen in DIC arising as a complication of hematologic malignancies. 60 As a result, the thrombotic phenotype of DIC, which is associated with infection, often develops in cases with organ dysfunction, whereas systemic bleeding is a feature of the fibrinolytic phenotype of DIC that often accompanies hematopoietic malignancy. 60 Consequently, although the activation of coagulation is a universal hallmark of all types of DIC, the elevation in fibrin-related markers is not associated with the severity of sepsis in a linear manner. 61 By contrast, increased PT prolongation is correlated with the 28-day mortality rate. 61, 62 It would be more efficient to develop individual diagnostic criteria reflecting the pathophysiology of individual types of DIC. 4, 8 The SIC criteria were constructed by the members of the DIC SSC of ISTH and were proposed in 2017 to categorize patients with "sepsis and coagulation disorders"; these criteria were designed to fit the new definition of sepsis. 11 Similar ideas have been offered previously, and a simple diagnostic system composed of the platelet count and PT test has been examined. [63] [64] [65] The SIC diagnostic criteria are simple and are composed of three items: platelet count, PTinternational normalized ratio, and the SOFA score. The SOFA score was included to confirm the presence of sepsis but not to reflect its severity; therefore, the score was regarded as 2 even when the SOFA score was 2 or more. If the SIC criteria could identify a similar category of patients as the JAAM DIC criteria, it would be preferable for Japanese physicians. The utility of the SIC score has been repeatedly validated. First, the DIC SSC members of ISTH examined the diagnostic rate and mortality in sepsis patients with coagulopathy. As a result, almost all the patients with overt-DIC had SIC, and SIC had preceded overt-DIC in every case. The mortality rate for overt-DIC was significantly higher than that for SIC (32.5% versus 23.1%). 66 A comparison of the SIC and JAAM DIC criteria was also carried out, and the prevalence of patients with SIC was comparable to that of patients with JAAM DIC. The SIC criteria also showed similar performance for predicting the 28-day mortality as the JAAM DIC criteria. 67 Thus, the SIC criteria were suggested to identify a category similar to that identified by the JAAM DIC criteria. In addition, Ding et al. 68 reported a strong correlation between the SIC and the ISTH overt-DIC categories. They also reported a similar area under the receiver operating characteristic curve value for the two categories (SIC 0.658 versus overt-DIC 0.684). The latest validation study reported the usefulness of the SIC criteria based on data from a Japanese cohort of septic patients. This study reported that the positive rate for ISTH overt-DIC was approximately half of that for SIC, while the mortality rates for the two sets of criteria were comparable. 69 Furthermore, the beneficial effects of anticoagulant therapy were observed in patients with coagulopathy as defined using both sets of criteria. 69 The ISTH SSC is currently planning to propose a simplified "two-step" scoring system for the early detection of DIC consisting of screening according to the SIC score as the first step; patients meet the criteria for SIC, then the overt-DIC score would be calculated as the second step.
Japanese Society on Thrombosis and Hemostasis DIC
In 2016, a working group of the JSTH proposed new diagnostic criteria, and these criteria were authorized in 2017 (Table 2) . 8, 55 The main feature of the new criteria was the design of individual scoring methods that depended on the basal disease. The disease types were classified as hematopoietic disorder type, infectious type, and basic type based on the underlying conditions. The scoring for the platelet count was omitted in the hematopoietic type, whereas the scoring for the fibrinogen level was eliminated from the infectious type as fibrinogen is an acute phase protein and a reduction in its level is rarely seen in cases with infection. Other than the above, the antithrombin activity and molecular markers were added as new items. Antithrombin activity has been thought to be a sensitive marker for DIC, especially in cases with sepsis, and its utility for the prediction of mortality has been repeatedly reported. 70, 71 As for molecular markers, thrombin-antithrombin complex (TAT), soluble fibrin (SF), and prothrombin fragment 1+2 (F1+2) have been adopted to increase the sensitivity. 72 Both TAT and SF were used for the exclusion of other diseases that mimic DIC. In cases with infectious-type DIC, the score was calculated based on the sum of the scores for the platelet count, FDP, PT ratio, antithrombin activity, and molecular markers (TAT, SF, or F1+2). Regarding the score for the platelet count, the score covered a range of points, 0-3, which was the same as that used in the JMHW, with the addition of another 1 point if a decrease of 30% or more occurs within 24 h. The ranges and points were 0-3 for FDP, and 0-2 for the PT ratio, and the ranges and scoring methods were the For institutions that measure only D-dimer, 1 point will be added if D-dimer increases ≥2-fold the normal upper limit. †Corresponds to "a prothrombin time activity of ≤40% or an international normalized ratio value of ≥1.5 due to severe liver dysfunction seen within 8 weeks of onset of initial symptoms following liver impairment that develops in a normal liver or a liver that is thought to exhibit normal liver function" (acute liver failure) or "cirrhosis with a Child-Pugh classification of B or C (≥7 points)" (chronic liver failure). F1+2, prothrombin fragment 1 + 2; FDP, fibrin/fibrinogen degradation product; ISTH, International Society on Thrombosis and Haemostasis; SF, soluble fibrin; TAT, thrombin-antithrombin complex.
same as those used by the JMHW criteria. The antithrombin activity was not included as a test item in the original JMHW criteria, but it was adopted as a new JSTH criterion. A score of 1 point was assigned for antithrombin activity of 70% or less. For the molecular markers, 1 point was given if these values increase to 2-fold or more of the respective upper limits of the standard range. The threshold for the diagnosis of infectious-type DIC was set to more than 5 points.
Although the advantages of including these molecular markers are understandable, 73, 74 the drawbacks of these measures are a greater complexity and cost. Also, measurements of these markers are still not routinely carried out in many hospitals in Japan, at present. Therefore, Iba et al. eliminated the molecular markers, reduced the FDP score, and adjusted the total score for the diagnosis, then examined the performance of this simplified JSTH DIC scoring system. As a result, the simplified JSTH DIC scoring system was shown to have a performance similar to that of the original JSTH DIC scoring system in terms of mortality prediction. 61 The JSTH DIC diagnostic criteria are probably suitable for research purposes but might require modification for clinical application. As evidence of the validation of the new JSTH criteria remains scarce, further studies are warranted to confirm the usefulness of these criteria.
SUMMARY
T HE ISTH OVERT -DIC criteria were constructed in conjunction with the DIC definition established by the ISTH and are considered to be an international standard, whereas the JAAM DIC criteria were specifically designed for the diagnosis of acute DIC including sepsis-associated DIC. The JAAM DIC criteria are more sensitive and can detect DIC at an earlier timing. Moreover, they are the only diagnostic criteria that can determine the optimal timing of anticoagulant therapy. As the ISTH overt-DIC are not suitable for early diagnosis, the ISTH created another category that defines a pre-DIC status, namely SIC. A two-step diagnostic strategy using SIC and overt-DIC has been proposed. After all, the characteristic differences among sets of diagnostic criteria must be understood to select the optimal criteria according to the purpose. 
